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Abstract
Salt bath hardening at low temperature was applied in order to enhance the surface hardness of AISI 201 stainless steel. The
structure and properties of the hardened layer were investigated, such as microstructure, hardness, wear resistance and corrosion
resistance. The experiment results show that the treatment temperature plays an importance role in the microstructure and
properties of the hardened layer. If the treatment temperature is below 460, the hardened layer was a face centre tetragonal (fct)
structure without chromium nitride precipitation. The corrosion resistance of hardened layer is better than the matrix and as good
as AISI 316 austenitic stainless steel. If the temperature rises above 460 the precipitation show up and the corrosion resistance
gets worse. The hardness and thickness of the layer increase as the raising of treatment temperature. The test of wear resistance
shows that the amount of wear reduces rapidly after hardening treatment and the worn morphology of the surface behaves
abrasive wear while that of AISI 201 stainless steel behaves adhesive wear.
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1. Introduction
Austenitic stainless steels can be divided into two series, Cr-Ni series and Cr-Mn series. The Cr-Ni series are
used widely owing to their excellent corrosion resistance, while their cost is high relatively because of nickel. The
typical one is AISI 316 austenitic stainless steel. The Ni-Mn series are developed to use nitrogen and manganese
replaces part of function of nickel, which can save nickel and reduce the cost. As the typical one of Cr-Mn series,
AISI 201 austenitic stainless steel’s cost is only one third of 316 steel’s and maintains proper corrosion resistance.
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However, the hardness and wear resistance of AISI 201 steel are low relatively, which limits their applications in
manufacture of mechanical parts for engineering equipment and machines, where both of corrosion resistance and
wear resistance are required. Many attempts have been made to develop surface engineering technique to enhance
the wear resistance of austenitic stainless steels without deteriorating the corrosion resistance. These techniques
include low temperature plasma hardening [1-4], low temperature gas hardening [5-6] and low temperature salt bath
hardening [7-8].Among them, low temperature plasma hardening requires complicated equipment and operation;
low temperature gas hardening needs special pretreatment. Compared to the previous two processes, low
temperature salt bath hardening just requires a salt bath furnace and the pretreatment isn’t needed. Preliminary
studies about surface hardening of AISI 201 stainless steel from our group have been published at Journal
Transactions of Materials and Heat Treatment. Further studies are needed to complete low temperature salt bath
hardening process of AISI 201 steel.
2. Experimental detail
2.1. Material
The experimental material was AISI 201 austenitic stainless steel. The specimens were 16 mm in diameter and 5
mm in thickness. The flat surface of the disc sample was ground with sandpapers down to 1000 grade to achieve a
fine finish. Finally, un-oil agent was used to remove oil from the surface of samples. The chemical compositions of
the steel were given in table 1.
Table 1. chemical compositions of AISI 201 austenitic stainless steel
Element C Cr Ni Si Mn P S N
Content
(wt%)
G0.15 16.00~18.00 3.5~5.5 G0.75 5.5~7.5 G0.06 G0.03 G0.25
2.2. Processing and Characterization techniques
Salt bath hardening tests were carried out in a crucible furnace with electric power of 5kW, whose controlling
accuracy of temperature was ±5. The specimens and salt bath were contained in a 200mL ceramic crucible. A salt
bath special for hardening austenitic stainless steel at low temperature was developed. The melting point of bath is
420~430. The process employs both of nitrogen and carbon as the alloying species come from reactions in the
melt bath, which has a strong ability of reduction. These atoms gathered on the surface of specimens and diffused
into its lattice. However, the Cr2O3 passive films on the surface of specimens stop atoms from going through the
surface. So removing the films on the surface was a precondition of hardening treatment. The melt bath with a
strong ability of reduction could remove the film easily so that no more special pretreatment is needed.
Transverse sections of the hardened specimens were polished and chemically etched with a solution consisting of
10g CuCl2, 50g ethanol and 50g HCl for 15 seconds. The microstructure was examined with an optical microscope.
A HVS-1000 Vickers micro-hardness tester was used to measure the hardness on the treated surface and along the
depth in cross-sections of the hardened specimens. The structure in the layer was tested by X-ray diffraction analysis
D/max-A. The tribological properties of specimens were evaluated using a ball-on-disk tribological machine, in
which the specimen (disc) was rotating against a stationary WC-Co ball of 8 mm diameter for a total sliding distance
of 2500m at a speed of 130 r/min. The worn morphology of hardened layer was measured by JSM-6700F field
emission scanning electron microscope (SEM). The corrosion properties of the untreated and as-treated layer were
evaluated using the electrochemical testing technique in a solution of 3 wt% NaCl. Anodic polarization curves were
recorded with a sweeping speed of 10mV/S.
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3. Result and discussion
3.1. Metallographic observation
Fig.1. shows optical micrographs of the hardened layer at 440 and 520 for 4 hours. It can be seen that the
hardened layer at low temperature exhibits a ‘white’ appearance due to its corrosion resistance, whose corrosion
resistance is better than the steel as shown in Fig.1.(a). This is similar to the precipitation-free structures observed on
the surface of a low temperature nitrided or carburized austenitic stainless steel [9]. Contrary to the layer at low
temperature, the layer at high temperature becomes black due to corrosion as Fig.1.(b) shows. It can be seen that the
corrosion resistance of the layer is affected by treatment temperature.
Fig. 1. (a) Metallographic photo of hardened layer at 440 for 4h; (b) Metallographic photo of hardened layer at 520 for 4h.
3.2. X-ray diffraction analysis
Fig.2. compares the XRD patterns of untreated specimen and hardened layers at different treatment temperature
for 4 hours. It shows that the structure of untreated specimen is consisting of austenite and a small amount of ferrite.
The pattern of the layer at low temperature (440) is similar to that produced by the untreated specimen, except
that all of reflection peaks from the hardened layer are shifted to lower angles compared to the corresponding
austenitic and ferritic peaks. It is produced by lattice expansion comes from solid solution of carbon and nitrogen
atoms [1]. However, as treatment temperature is above 460, reflection peaks of chromium nitride in the layers
show up because solubility of atoms reaches beyond over-saturation. The precipitation is bad for the corrosion
resistance of layers as shown in Fig.1.(b). As treatment temperature increasing from 460 to 520, the reflection
peaks from austenite and ferrite turn weaker and weaker while the peaks from chromium nitride turn stronger and
stronger, indicating that the content of precipitation increases. The layer is only consisting of chromium nitride when
temperature reaches 520. It has been shown that the layer without chromium nitride precipitation can only be
produced when the treatment temperature is lower than 460.
Fig. 2. XRD patterns of untreated and hardened 201 steel at different treatment temperature.
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3.3. Hardness and Thickness
Fig.3.(a) shows the hardness-depth profiles of hardened layer at different treatment temperature for 4 hours. The
thickness of hardened layer is further increased by increasing treatment temperature (Fig. 3.(b)).The low
temperature(440) layer without precipitation has the relatively low hardness value(800HV), which contributes by
solid solution strengthening. The thickness of the low temperature is thin due to low diffusion coefficient mainly
depending on temperature. when temperature is above 460,the precipitation occurred and its content increases as
increasing treatment temperature, so does the hardness of layer. The strengthening mode of layer is consisting of
solid solution strengthening and precipitation strengthening. However, main mode of strengthening changes from
solid solution strengthening to precipitation strengthening. The high temperature (above 460) layer with
precipitation has the high hardness value(above 1000HV), which mainly contributes by precipitation strengthening.
Fig. 3. (a) Hardness profiles of hardened 201 steel at different treatment temperature for 4 hours; (b) The curve of thickness as increasing
treatment temperature.
3.4. Wear resistance
Fig.4. compares wear volume loss and worn morphology of the untreated and treated specimens. It is evident
that hardening treatment has considerably improved the wear resistance of 201 steel. The wear volume loss for a
treated sample can be more than two orders of magnitude less than that for the untreated one (Fig.4.(a)). The
untreated sample has the worn morphology of adhesive wear owing to the “soft” surface, while the treated sample
has the worn morphology of abrasive wear owing to high hardness.
Fig. 4. (a) Wear volume loss of untreated and treated specimens; (b) Worn morphology of the untreated specimen; (c) Worn morphology of the
treated specimen.
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3.5. Corrosion resistance
Metallographic examination of cross-section (Fig.1) has revealed that the low temperature hardened layer is more
resistant to etching than the substrate. Further corrosion testing was carried out using the electrochemical corrosion
testing technique. Fig.5 shows the polarization curves for untreated, low temperature treated samples and 316 steel
measured in 3 wt% NaCl solutions. As shown from the curves, free-corrosion potential of hardened layer is higher
than that of the untreated sample and free-corrosion current density of hardened layer is lower than that of the
untreated sample, indicating the corrosion rate of the hardened layer is lower than that of the untreated sample.
Moreover, free-corrosion potential and free-corrosion current density of hardened layer are so close to that of 316
steel that they have similar corrosion resistance. It can be seen that the low temperature hardened 201 steel fully can
replaces 316 steel.
1—AISI 201 steel, 2—hardened AISI 201 steel, 3—AISI 316 steel
Fig. 5. Polarization curves of untreated and low temperature hardened 201 steel in 3% NaCl solution.
4. conclusion
(1) The layer without chromium nitride precipitation can only be produced when the treatment temperature is
lower than 460 and its corrosion resistance is better than the matrix and as good as AISI 316 austenitic stainless
steel.
(2) The hardness and thickness of hardened layer increase as increasing treatment temperature. The strengthening
mode of low temperature (440) layer without chromium nitride precipitation is solid solution strengthening.
However, main mode of strengthening of high temperature hardened layer is precipitation strengthening.
(3) The worn morphology depends on the hardness of specimens. The untreated sample has the worn morphology
of adhesive wear while the treated sample has the worn morphology of abrasive wear.
References
[1] T. Bell, Sun Y., 2000. Low temperature plasma nitriding and carburizing of austenitic stainless steel. Japan: Stainless steel, pp. 275-278.
[2] Zhao C, Li C.X, Dong H, et al., 2005. Low temperature plasma nitro-carburizing of AISI 316 austenitic stainless steel. Surface & Coatings
Technology 191, 195-200.
[3] M.Tsujikawa,T, D. Yoshida, et al., 2005. Surface material design of 316 stainless steel by combination of low temperature carburizing and
nitriding. Surface & Coatings Technology 200, 507-511.
[4] M.Tsujikawa, S. Noguch,i et al., 2007. Effect of molybdenum on hardness of low-temperature plasma carburized austenitic stainless steel
Surface & Coatings Technology 21, 5102-5107.
[5] Y. Cao, F. Ernst,G. M. Michal, 2003. Colossal carbon super-saturation in austenitic stainless steels carburized at low temperature. Acta
Materialia, 51, 4171-4181
[6] F. Ernst, Y. Cao, G. M. Michal, 2004. Carbides in low-temperature carburized stainless steels. Acta Materialia 52, 1469-1477.
[7] Williams, et al., 2000. Low temperature case hardening processes.US: 6093303.
[8] Williams, et al., 2002. Low temperature case hardening processes.US: 6461448.
[9] Zhang. Z.L., T. Bell, 1985. Structure and corrosion resistance of plasma nitrided stainless steel. Surface Engineering 1, 131.
